Abstract: In order to prevent low back pain during dishwashing, we developed a standing aid for supporting the forward bending posture, and then evaluated the effects of the standing aid on decreasing load on the low back and legs. Eight female volunteers were asked to wash plates for 60 minutes in each of three working postures: (a) without the standing aid, (b) with the standing aid under the thighs, and (c) with the standing aid under the shins. The following were measured: electromyogram (EMG), electrocardiogram (ECG), the force applied to the standing aid, the ground reaction force, the bending angle of the trunk, the bending angle of the knee, and local discomfort in body regions. While using the standing aid under the shins, the muscle load decreased in the low back and legs. While using the standing aid under the thighs, the muscle loads decreased in the low back but increased in the legs. It was suggested that the standing aid under the shins was more effective in decreasing the load on the low back and legs than the standing aid under the thighs.
Introduction
The number of occupational low back pain (LBP) cases among workers who have missed four days or more of work has been gradually decreasing, but still totals more than 4,600 in Japan 1) . The number of occupational LBP cases accounted for approximately 60% of all occupational diseases from 1990 to 2000, and was a significant occupational health problem. In facilities for providing meals, LBP among cooks has become a major source of occupational health problems [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Epidemiological studies showed that LBP developed in 36.3-56.6% of cooks [5] [6] [7] and was experienced in 53.2-83.3% of cooks 4, 5, 7) . Based on these results, cooking has been considered an occupation in which LBP develops frequently 7) . Facilities for providing meals are established in schools, and these postures increase the workload on the low back and legs, according to the guidelines for the prevention of LBP in workplaces issued by the Labor Ministry 13) . The guidelines include not only several LBP risk factors but also measures for LBP prevention. The measures are as follows: (a) it is desirable that workers position themselves in front of objects in a natural standing or sitting posture and be provided with sufficient working space by proper adjustment of the height of the worktable and the use of adjustable worktables, (b) it is necessary to arrange breaks, short breaks/rests that relieve muscle fatigue, the provision of supplemental equipment and the like, change in posture, etc. Generally speaking, these measures are effective in the prevention of LBP. In facilities for providing meals, however, the measures do not eliminate the following problems. Each worker cannot adjust the height of the worktable easily because adjustable worktables are not always provided. Most workers cannot afford to take short breaks/rests because working hours are limited 3) . Changing posture is one of the easy ways to prevent LBP but increases the working hours 14) . The guidelines indicate that the excessive workload on the low back should be reduced by whole or partial automation or mechanization for the work, or that, if that is difficult, adequate supplemental equipment should be introduced for workload reduction. Several supplemental devices for decreasing low back load have been designed [15] [16] [17] [18] [19] . Although these devices serve as measures for LBP prevention, they each have problems. For example, a stool or a chair can restrict workers' movement within the narrow workspace and a back belt can restrict changing posture. The worker often moves and adopts several postures in the facility. It is necessary that the supplemental equipment in the facility do not restrict workers' movements and changing posture.
The working posture in which cooks lean on the edge of a sink occasionally is observed during the dishwashing 14) . In the work posture, since the forward bending posture is supported by the abdomen on the upper edge of the sink in addition to the legs, it is presumed that the workload is distributed and decreased by this support. Supporting the forward bending posture will be useful as a way to decrease the load on the low back and legs. In this study, we developed supplemental equipment, a standing aid, to support the forward bending posture. The standing aid does not restrict the worker's movements and changing posture, and will serve as a means for LBP prevention since using the aid distributes the workload. We evaluated the effects of the newly developed standing aid in decreasing the load on the low back and legs during dishwashing.
Methods

Subjects
This study was performed on eight female students (aged 18-21 years) with no history of acute or chronic LBP. After the subjects were informed about the experimental conditions, they consented to join this experiment. Subjects' mean height and standard deviation (SD) were 160.8 ± 4.0 cm and mean body weight and SD were 53.3 ± 6.2 kg. They are students of a school of dietetics, and have experienced cooking tasks at school. Each subject wore a T-shirt, slacks, and rubber sandals during experiment. Figure 1 is a schematic drawing of the standing aid. The standing aid consisted of a wooden board (width 450 mm × depth 900 mm × height 20 mm), an L-type steel plate (length 850 mm), a steel bar column (diameter 16 mm × length 350 mm), and a support cushion (width 330 mm × length 200 mm). The height and angle of the support cushion could be adjusted by each subject. Four strain gauges were attached to the connection side end of the bar in order to measure the horizontal and the vertical forces on the bar. A stainless counter for cooking (width 900 mm × depth 448 mm × height 840 mm) was used in this study. The height of the counter has come into general use in facilities which provide meals. The edge of the counter (width 940 mm × height 70 mm) jutted out 20 mm. There was enough space for subjects to put their legs under the counter. A plate (diameter 230 mm, weight 230 g) was used for dishwashing. 
Standing aid and kitchen utensil
Working posture
The subjects were asked to wash the plates in each of three working postures, shown in Fig. 2 .
The postures were as follows: (a) a free posture without the standing aid, (b) a posture which supported the thighs with the standing aid, and (c) a posture which supported the shins with the standing aid. Subjects were permitted to change postures during the task. The support cushion was adjusted to the required position. The subjects were instructed to adopt a straight standing posture to rest for three minutes, and then to wash plates for 60 minutes at the rate of twenty plates per minute in one posture. In the washing task, the subjects were instructed to take the plate from the counter, wash it in the sink, and put it on the bottom of the sink after washing it. The height of the working surface was adjusted to the required position in the sink, but the subjects were asked not to put the plate on the bottom of the sink while washing it. The subjects performed the same task in different postures on different days. The order of posture conditions for each subject was completely randomized.
Measurement
The electromyogram (EMG), electrocardiogram (ECG) and the strain force of the bar were recorded for 60 minutes during the task. A ground reaction force, the bending angle of the trunk and the bending angle of the knee were measured for three minutes during rest with a straight standing posture and measured every ten minutes during the task. Local discomfort was rated after the task. The electrical activities of seven muscles, the lower left erectro spinae muscles, the left and right rectus femoris muscles, the left and right biceps femoris muscles, and the left and right gastrocnemius muscles, were measured by surface electromyography. For the lower left erector spinae muscles, the electrodes were positioned laterally, 40 mm from the median line of the back at L3/L4. EMG electrodes (Ag-AgCl) were placed on the skin overlying the muscles after cleaning and gentle abrading. The interelectrode distance was approximately 20 mm and the skin impedance was always below 10 kΩ. To avoid motion artifacts, EMG signals were band-pass filtered (10-300 Hz) and subsequently amplified (PMP-6008M, Nihon Kohden, Japan), AD-converted at 250 Hz, and stored in a PC. EMG signals were rectified and integrated every 10 minutes for 60 minutes. Heart rate was calculated from the R-wave of the ECG signal every 10 minutes. The horizontal and the vertical strain signals of the bar were measured and subsequently amplified (AS2102, NEC San-ei instruments, Ltd., Japan), and stored in the PC. The strain force data for the bar were obtained with the following equations:
where F was the force and ε was the strain. The equations were derived from the regression analysis by using the amount of strain for six weights (5 kg, 10 kg, 15 kg, 20 kg, 25 kg and 30 kg). The ground reaction force was measured by reading the value on the digital scales every 10 minutes. The bending angle of the trunk and the knee were measured by means of photograph. The right hand drawing in Fig. 3 shows these angles during the task. These angles were calculated by the following methods: the bending angle of the trunk defined as the angle between the two lines connecting markers on the acromion and ilio cristale, and the ilio cristale and trochanterion, respectively; the bending angle of the knee defined as the angle between the two lines connecting markers on the trochanterion and caput fibulae point, and the caput fibulae point and malleolus fibulae point, respectively. The data for the ground reaction force, the bending angle of the trunk, and the bending angle of the knee were calculated every 10 minutes by subtracting each measurement during the task from that at rest in a straight standing posture as in Fig. 3 . Local discomfort was rated by using a questionnaire with a 7-point scale. This scale is the visual numeric rating scale, ranging from 1 to 7. The both ends of this scale are defined as follows: 1 point is nothing at all and 7 points is extreme discomfort. The subjects were instructed to evaluate the discomfort in body regions during the task and then to enter the rating points. The body regions were as follows; neck, shoulder, upper arm, forearm, hand and wrist, low back, front thigh, back thigh, shin, calf, tiptoe and heel. These regions were selected based on the chart used for identification of body parts by Van Dieën et al. 20) . The rating points were averaged for each region. If the mean rating points for a body region were five points and over, the region was considered to have a high level of discomfort.
Statistical analysis
Integrated EMG (IEMG), heart rate, the strain force of the bar, the ground reaction force, the bending angle of the trunk and the bending angle of the knee were analyzed by two-way analysis of variance (ANOVA) with repeated measures. The factors were posture conditions (without the standing aid, with the standing aid under the thighs, and with the standing aid under the shins) and working hours (every 10 minutes: 0-10 min, 10-20 min, 20-30 min, 30-40 min, 40-50 min, and 50-60 min). The differences in the ratings of local discomfort among the posture conditions were tested by one-way ANOVA with repeated measures. Post-hoc comparisons were made by using Bonferroni's multiple comparison tests. For each posture condition linear regression analysis was performed on the bending angle of the trunk, IEMG of the erectro spinae muscle, and the rating of local discomfort in the low back with the subjects' height as the independent variable. Statistical significance was set at p<.05. Table 1 shows the mean values for 60 minutes of bending of the trunk, bending of the knee, the ground reaction force, the horizontal strain force of the bar, and the vertical strain force of the bar. The effects of the working posture were significant for the bending angle of the trunk and the knee. The angle of the trunk was significantly larger in the posture without the standing aid (25 ± 11°) than in the postures with it under the thighs (18 ± 8°; p<.001) and shins (17 ± 11°; p<.001). The angles of the knee were significantly larger in the posture without the standing aid (12 ± 13°) and with it under the shins (13 ± 10°) than in the posture with it under the thighs (2 ± 8°; both p<.001). The effects of the working posture were significant for the ground reaction force. The decreased in the ground reaction force was greatest in the posture with the standing aid under the shins (55.7 ± 23.4 N), followed by the posture with it under the thighs (46.5 ± 20.5 N) and the posture without it (10.7 ± 7.1 N). The differences between with the standing aid under the shins and thighs (p=.01), between without and with it under the thighs (p<.001), and between without and with it under the shins (p<.001) were statistically significant. The decrease in the ratio of ground reaction force in the posture with the standing aid under the shins and thighs were approximately 11% and 9% in the straight standing posture (521.9 ± 60.5 N), respectively. The decrease in the posture without the standing aid was only approximately 2% in the straight standing posture. The horizontal force of the bar was changed significantly by the effect of the working posture, and was larger in the posture with the standing aid under the thighs (91.2 ± 21.4 N) than under the shins (59.9 ± 29.5 N; p<.001).
Results
Working posture
No difference between the postures with the standing aid under the thighs (38.8 ± 18.0 N) and shins (41.9 ± 25.4 N) was significant for the vertical force of the bar. In both postures with the standing aid, the vertical force was approximately 7-8% of the ground reaction force in the straight standing posture. Neither effect of working hours nor working posture × working hours interaction was significant for the above measurements. When the working posture was supported with the standing aid under the thighs, the mean height and SD of the bar and the mean distance and SD from the counter to the bar were 591 ± 22 mm and 93 ± 9 mm, respectively. When the working posture was supported with the standing aid under the shins, they were 341 ± 26 mm and 215 ± 11 mm, respectively.
EMG and heart rate
Effects of the working postures on the low back and legs muscles were studied by means of fatigue indicators derived from the electrical activity of the muscles. The EMG results showed that the activities of the lower left erectro spinae, the left rectus femoris, the left and right biceps femoris, and the right gastrocnemius muscles were influenced by the working posture. Neither effect of working hours nor working posture × working hours interaction was significant in any of the muscles. Figure 4 shows the mean IEMG of seven muscles for 60 minutes. The IEMG activities of the erectro spinae muscle was the largest in the posture without the standing aid (1974 ± 1533 µV·s), followed by the posture with it under the thighs (1502 ± 554 µV·s) and that under the shins (1280 ± 803 µV·s). The differences between with and without the standing aid under the thighs (p=.01), between with it under the thighs and the shins (p<.001), and between with and without it under the shins (p<.001) were statistically significant. The ratios of IEMG activities in the posture with the standing aid under the shins and thighs in this muscle were approximately 65% and 76% of the activity without it, respectively. The IEMG activities of the left rectus femoris muscle were significantly higher in the posture without the standing aid (587 ± 769 µV·s) and with it under the shins (371 ± 186 µV·s) than in the posture with it under the thighs (287 ± 75 µV·s; p=.03 and p<.001, respectively). The IEMG activities of the left and right biceps femoris muscles were significantly higher in the posture with the standing aid under the thighs (left: 2189 ± 1268 µV·s, right: 2483 ± 739 µV·s) than in the posture without it (left: 1456 ± 938 µV·s; p<.001, right: 1825 ± 995 µV·s; p<.001) and with it under the shins (left: 1477 ± 647 µV·s; p<.001, right: 1578 ± 679 µV·s; p<.001). The ratios of IEMG activities in the posture with the standing aid under the thighs were approximately 150% and 136% of the activities without it in the left and right biceps femoris muscles, respectively. The IEMG activity of the right gastrocnemius muscle was the largest in the posture without the standing aid (1426 ± 742 µV·s), followed by the posture with it under the thighs (1332 ± 725 µV·s) and that under the shins (1060 ± 646 µV·s). The IEMG activity in this muscle was significantly higher in the posture with the standing aid under the shins than in the posture without it (p<.001); the ratio of the activity in the former posture was approximately 74% of the activity in the latter posture.
The mean heart rate and SD during the task were 97 ± 11 beats/min in the posture without the standing aid, 93 ± 9 beats/min in the posture with it under the thighs, and 97 ± 7 beats/min in the posture with it under the shins. Neither effect nor interaction was significant for heart rate. Table 2 shows the mean rating of local discomfort in the three working postures. The mean rating in the low back showed a high discomfort level in all posture conditions. With the standing aid under the thighs, the mean ratings in the back thighs, the calves and the heels also showed a high discomfort level. As a result of ANOVA, the ratings of local discomfort in the back thighs and the calves were influenced by the working posture. The ratings in both the regions were significantly higher in the posture with the standing aid under the thighs than in the posture without it (p=.01 and p=.02, respectively). No significant working posture effect was found in the other body regions.
Local discomfort
Relationship between the subject's height and the low back load Without the standing aid and with it under the shins, there were significant positive correlations between the subject's height and the bending angle of the trunk (r=0.43, p=.002 and r=0.33, p=.02, respectively), and between the height and the IEMG of the erectro spinae muscle (r=0.44, p=.001 and r=0.40, p=.004, respectively). With the standing aid under the thighs, there was a significant positive correlation between the subject's height and the IEMG of the erectro spinae muscle (r=0.63, p<.001), but there was no significant correlation between the height and the bending angle of the trunk. No significant correlation was found between the 
Discussion
Without the standing aid, the forward bending posture was observed in all subjects. This posture agreed with that obtained in previous studies 5, 11, 14) . The ground reaction force in this posture was slightly smaller than that in the straight standing posture, because the subjects moved their body slightly to carry out the task. Although the subject's body was moved, the body did not touch the counter for cooking and the trunk was bent greatly. On the other hand, with the standing aid under the shins, the posture in which all subjects leaned on the counter and the standing aid was observed. In this posture, the bending angle of the trunk and the muscle load in the low back were smaller than those without the standing aid, and the muscle load in the calf was smaller in the posture with the standing aid under the shins than without it. These findings indicated that the posture with the standing aid under the shins decreased the load on the low back and legs. In this posture, the ground reaction force was smaller than that in the other postures. This finding resulted from supporting the body on the counter and the standing aid. Since supporting the body disperses the workload in forward bending, it is suggested that using the standing aid under the shins decreases the load on the low back and legs.
With the standing aid under the thighs, the posture in which all subjects leaned on the standing aid was observed. In this posture, the bending angle of the trunk and the muscle load in the low back were smaller than these without the standing aid. Nevertheless, the muscle load in the back thighs, and the local discomfort in the back thighs and the calves were larger in the posture with the standing aid under the thighs than without it. These findings indicated that the posture with the standing aid under the thighs decreased the load on the low back but increased the load on the legs. In this posture, the ground reaction force was smaller than that without the standing aid. This finding is considered to be due to supporting the body with the standing aid. However, the horizontal force of the bar was larger in the posture with the standing aid under the thighs than under the shins. With the standing aid under the thighs, the posture in which the body leaned greatly on the bar was observed. It is thought that the workload of the leaning posture becomes large on the legs, especially the back thighs and the calves. From these findings, it is suggested that using the standing aid under the thighs decreases the load on the low back by supporting the body but increases the load on the legs because the horizontal force is increased.
The muscle load in the low back was decreased by using the standing aid, but the subjective discomfort in the low back was not significantly different according to posture. This finding suggested that discomfort was high in all conditions because the standing aid was not well applied. Similar results to these were reported in several previous studies 20, 21) . Van Dieën et al. 20) reported differences between low back load when kneeling and seated working at ground level. The results showed that muscle load was lower when working on a chair than when working kneeling. Nevertheless, the discomfort increased substantially during work on a chair because the chair limited variation in posture. Vink et al. 21) reported that muscle load in the low back was decreased by using a sitting aid but the knee straps induced unacceptable high pressure and significantly increased discomfort in the legs. Based on these results, the sitting aid was modified: the contact area between the strap and the knee was enlarged. As a result, the discomfort in the legs was decreased since the knee pressure turned out to be acceptable. These findings indicated that not only the muscle load factor but also the other factors affected subjective discomfort. The other factors related to the standing aid are considered to be the contact area between the standing aid and the legs, cushioning of the contact area, and so on. By improving these factors, it is expected that using the standing aid will decrease subjective discomfort.
The height of the working surface is an important factor that develops LBP 9) . In this study, since the height of the counter was fixed in all subjects, the subject's height affected the low back load. Without the standing aid and with it under the shins, taller subjects bent the trunk greatly, and increased the IEMG in the low back. With the standing aid under the thighs, the subjects did not adopt a posture in which the trunk was bent greatly because the standing aid restricted forward bending, but taller subjects had increased IEMG in the low back. This finding indicated that the muscles of the back were statically strained in this posture. Therefore, from these findings, it is suggested that the height of the working surface needs to be adjusted to the subject's height even when using the standing aid.
In conclusion, the standing aid decreased load on the low back during dishwashing. The load on the legs in addition to that on the low back decreased in the posture with the standing aid under the shins. However, the load on the legs increased in the posture with the standing aid under the thighs. It was suggested that the standing aid under the shins was more effective in decreasing the load on the low back and legs than the standing aid under the thighs.
Cooking involves various tasks such as lifting and carrying. Each task includes several risk factors for developing LBP. It is therefore important to avoid the risk factors in each task in order to prevent occupational LBP. The newly developed standing aid must be effective for the prevention of LBP in the forward bending posture.
